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ABSTRACT

The purpose of this study was to investigate the in vitro drug release profile and skin retention of
H. Isora extract-loaded phytophospholipid complexes. FE2 (ethanolic extract) and FH4
(hydroalcoholic extract) were optimized formulations. The drug release profiles of FE2 and FH4
were examined in phosphate-buffered saline (PBS) at 37°C under physiological and acidic pH
conditions (5.6), finding that the cumulative release of FE2 was approximately 90% after 6 hours.
In the first two hours, approximately 35% of the drug was released, followed by a slower, sustained
release phase. A stability study was carried out according to ICH guidelines (Q1AR2) in which
formulations were stored at room temperature and at accelerated conditions (250C, 60% RH;
400C, 75%) for six months. Stability of formulations was confirmed by determining particle size,
zeta potential, and entrapment efficiency at defined intervals. An assessment of skin retention of
the formulations over time was conducted using abdominal goat skin. An incubation period of
32°C was established for fresh goat skin samples treated with phytophospholipid complexes
formulations. For determining the amount of drug retained, the formulations were removed from
the skin at intervals and analyzed with HPLC. According to the retention profiles, both the FE2
and FH4 formulations achieved effective skin retention, suggesting that prolonging therapeutic
action could be possible with these formulations. In conclusion, these studies confirm the efficacy
and stability of H. isora extract-loaded phytophospholipid complexesthat can be used for advanced

drug delivery applications.

KEYWORDS: Helicteres isora, Phytophospholipid complexes, Anti- inflammatory activity,
phytophospholipid complex, skin permeation
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1. INTRODUCTION

It is known as the Indian screw tree or Helicteres isora (H. isora). It has traditionally been used in
various medicinal systems across Asia for its supposed health benefits(1). It is known for its
diverse therapeutic applications, including the treatment of gastrointestinal disorders, diabetes,
infections, and inflammation. The plant's widespread use in folk medicine underscores the need
for scientific validation of its medicinal properties(2). Despite its extensive use in traditional
medicine, there is a paucity of comprehensive scientific research on H. isora. The active
compounds responsible for its therapeutic effects and their mechanisms of action remain largely
unexplored(3). With the increasing interest in natural and alternative therapies, it is essential to
scientifically investigate the therapeutic potentials of H. isora. Additionally, developing a novel
herbal formulation based on these findings could offer a natural, safe, and effective alternative to

conventional therapies.

An unpleasant sensory and emotional experience associated with actual or potential tissue damage,
pain is a multifaceted and complex experience(4). Protecting individuals against further injury, it
alerts them to harmful stimuli and prompts them to take action. Pain can be classified into various
types, such as acute or chronic, nociceptive or neuropathic, each with distinct underlying
mechanisms and treatment approaches. Despite advancements in medical science, pain
management remains a significant challenge, with many patients suffering from inadequate relief.
Understanding the intricacies of pain is essential for developing effective therapeutic strategies

and improving patient quality of life(5).

Herbal medicine, an integral part of traditional healthcare systems worldwide, has gained renewed
interest in recent years due to its natural origin and perceived safety(6). The growing demand for
natural remedies has driven research into various medicinal plants to discover and validate their
therapeutic potentials(7). There are many medicinal properties associated with Helicteres isora (H.
isora), including its anti-inflammatory, antimicrobial, and antioxidant properties. This study seeks
to bridge the gap between traditional knowledge and modern scientific research by providing a
detailed investigation of H. isora's medicinal properties(8). By identifying and characterizing the
bioactive compounds, the study aims to validate the traditional uses of H. isora and uncover new

therapeutic applications(9). Furthermore, the development of a novel herbal formulation could
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contribute to the growing market for natural health products, offering potential benefits for public

health and wellness.

2. MATERIALS AND METHODS

2.1. Materials

Helicteres isora , Malvaceae was collected from the local area of Balodabazar distict (ganiyari
,kasdol pin code 492112). Plant identification and authentication were performed by Dr. Praveen
Kumar Joshi (HOD and Professor) of the Govt. Ayurvedic College Raipur, C.G. Rosmarinic acid
(bioactive) was obtained from Sami Labs, India. Sample of Caffeic acid was purchased from

Biomolecules India. All other chemicals used were of analytical grade.

2.2. Extraction and characterization of Helicteres isora fruit

We dried the fruits of the plant species collected under shade for four weeks. A commercial
laboratory blender was used to grind the dried plant material into a fine powder. A Soxhlet extractor
was used to extract the powder with ethanol for about 8-9 hours at 30°C, and the extract was
collected and dried using an evaporator at 30-35°C, and crude residue was collected. It was kept

in a refrigerator at 5 °C in a well-closed glass container.

2.3.Preparation of phytophospholipid complexes

A modified solvent evaporation method was used to prepare phytophospholipid complexes. With
the help of a solvent evaporation technique, phytophospholipid complexes complexes were
prepared from extracts of H.isora of a 1:1 molar ratio in trial batches. Specifically, 100 ml of
H.isora extract and soya lecithin were placed into a 25 ml round bottom flask and refluxed for 2
hours with 20 ml of acetone. To obtain the precipitate, the mixture was concentrated to 5-10 ml
and filtered. Stored at room temperature, dried precipitate phytophospholipid complexes complex

was placed in amber-colored glass bottles.

2.4.Preparation of Herbal Extract Loaded Phytophospholipid complexes
The different phytophospholipid complexes complexes of H.isora ethanolic and hydroalcoholic
extracts containing molar ratio of 1:1, 1:2, 2:1, 2:2, 3.1,3.2 of both H.isora extracts and soya

lecithin were prepared by the solvent evaporation technique as mentioned in Table No. 1 and 2 .
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Table. No.1: Showing Molar ratio of Drug and Phospholipid for different formulations of
ethanolic extracts of H.Isora (FE1 to FE6)

Formulation Phytophospholipid | Drug Phospholipid
Code complexes (Molar
ratio)

FE1 1:1 H.Isora ethanolic extract Soya lecithin
FE2 1:2 H.isora ethanolic extract Soya lecithin
FE3 2:1 H.isora ethanolic extract Soya lecithin
FE4 2:2 H.isora ethanolic extract Soya lecithin
FES 3.1 H.Isora ethanolic extract Soya lecithin
FE6 3.2 H.isora ethanolic extract Soya lecithin

Table. No.2: Showing Molar ratio of Drug and Phospholipid for different formulations of
hydroalcholic extracts of H.Isora (FHE1 to FHE6)

Formulation Phytophospholipid Drug Phospholipid
Code complexes
(Molar ratio)

FH1 1:1 H.Isora Hydroalcoholic | Soya lecithin
extract

FH2 1:2 H.isora Hydroalcoholic | Soya lecithin
extract

FH3 2:1 H.isora Hydroalcoholic | Soya lecithin
extract

FH4 2:2 H.Isora Hydroalcoholic | Soya lecithin
extract

FH5 3.1 H.Isora Hydroalcoholic | Soya lecithin
extract

FH6 3.2 H.isora Hydroalcoholic | Soya lecithin
extract
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2.5.Characterization of phytophospholipid complexes
The prepared phytophospholipid complexeswere examined for various physical properties like
(size, size distribution, zeta potential), encapsulation efficiency, and morphology using scanning

electron microscopy (SEM)(10).

2.5.1. Size and Zeta Potential of Phytophospholipid complexes

Dynamic light scattering (DLS) technique was used to measure particle size, polydispersity index
(PDI), and zeta potential in H. isora phytophospholipid complexes containing phytophospholipid
complexess. A Malvern Zetasizer Nano-ZS (ZEN3600, Malvern Instrument Ltd., Malvern, UK)
with a laser at 633 nm was used to measure these parameters A dilution of the samples was
performed with ultrapure water of 1 - 2 mL in order to get the best scattering intensity. Using a
standard operating method, we measured the intensity of scattered light at an angle of 173°. An
average of three runs is reported for each sample's size average of the intensity distribution (11).
The zeta potential of the sample was determined using ELS in the same measuring cuvette after
the electrode Universal Dip Cell (ZEN1002) had been immersed in the sample after determining
the size. ZetaSizer Software 7.12 was used to analyze the results shown in table no. 3 and 4

(Malvern Instruments).
2.5.2. Determination of entrapment efficiency:

H.isora extracts loaded with phospholipid complex (HEPC) were diluted 1-fold with 10 ml of
ethanol, centrifuged at 18,000 revolutions per minute at -40C for 1/2 hour, and subsequently
analyzed by UV Spectroscopy. In order to determine the amount of free H.isora extracts, the
supernatant was isolated and UV/Vis spectroscopy at 280 nm was performed. A 10 ml volume of
methanol was adjusted to 0.1 ml of hydrogen isora extracts phospholipid suspension to determine
the quantity of H. isora extracts. The results are shown in table nos. 3 and 4. This formula was used

to calculate entrapment efficiency:

Entrapment efficiency (%) = (Total amount of drug) — (amount of free drug)
x100

(Total amount of drug)

VOLUME 23 : ISSUE 11 (Nov) - 2024 Page No:1515



YMER || ISSN : 0044-0477 http://lymerdigital.com

2.5.2. Percentage yield

To determine the percentage yield of a H.isora containing phytophospholipid complexes, first
extract the desired phytoconstituents from the plant material using a suitable solvent, then filter
and concentrate the extract. The phospholipid was dissolved in an appropriate solvent and mixed
with the concentrated plant extract, heating and stirring the mixture to form the phytophospholipid
complexes complex. The solvent was removed using a rotary evaporator, then dry the resulting
phytophospholipid complexes complex in a desiccator. Result show in table no. 3 and 4 (12).
Weigh the dried phytophospholipid complexes complex and calculate the percentage yield using

the formula:

Percentage Yield = (Final Weight of Phytophospholipid

x100
complexes Complex)

(Initial Weight of Plant Extract and Phospholipid)
2.5.4. FTIR (Fourier Transform Infrared) spectroscopy

H.isora extract phytosomal suspensions were examined with FTIR spectra using an FTIR
microscope to see how the extract interacts with phospholipids. Using the KBr disc technique, the
infrared spectrum of the test samples was determined. In this study, FTIR measurements were
performed in the range of 4000 to 400 cm-1. Fruit extracts of H.isora, lipoids P 30, a mixture of
fruit extracts and lipoids P 30, and freeze-dried phytophospholipid complexeswere analyzed. The
Fourier Transform Infrared Spectroscopic (FTIR) study was conducted on pure RA, PC, physical
mixture (PM), FE2 and FH4 in the FTIR spectrophotometer (a Shimadzu Corporation product).

2.5.5. XRD ( X-Ray Diffraction)

The X-ray powder diffraction method is used to investigate material structural characteristics.
Powders and polycrystalline materials will scatter X-rays differently, depending on their crystalline
structure. The scattered pattern of a material allows it to be identified as such(13). The powder
diffraction process is a bulk sample procedure for identifying solids and heterogeneous samples as
well as monitoring solid-state reactions. Solid-state scientists can use amorphous patterns to

determine the structure of solids. They will also scatter X-rays(14).
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2.5.6. In vitro drug release profile

In vitro drug release profiles of H. isora ethanolic extract loaded phytophospholipid
complexes(FE1 to FES) and hydroalcoholic extract loaded phytophospholipid complexes(FHI to
FHS5) were analyzed at 37°C in phosphate buffered saline (PBS). By dispersing phytophospholipid
complexesin PBS containing microcentrifuge tubes at physiological pH and acidic pH (5.6), the

study was performed at physiological pH and acidic pH (5.6).
2.5.7. Stability studies

Stability studies of optimized H. isora ethanolic extract loaded phytophospholipid
complexes(FE2) and H. isora hydroalcoholic extract loaded phytophospholipid complexes(FH4)
were conducted according to ICH guidelines (Q1AR2). The formulations were stored under
different conditions: room temperature, accelerated temperature (25+£2°C, 60+5% RH), and
(40+£2°C, 75+5% RH) for 6 months. At specified intervals, samples were analyzed in triplicates for

average particle size, zeta potential, and entrapment efficiency to assess their stability.

2.6.Preparation of Phytophospholipid Complex loaded Gel Formulations

An appropriate amount of methyl and propyl paraben was dissolved in 10 ml of distilled water,
then Carbopol® 934P was mixed continuously while the mixture was mixed. A solution of
RA/FE2/FH4 (Pure rosmarinic acid/ Ethanolic extract/Hydroalcholic extract) in 0.1 ml of ethanol
was prepared in another beaker and added to the Carbopol dispersion to prepare RA/FE2/FH4 in
0.05 ml of ethanol. The dispersion was also formulated with PEG 400. As a gelling agent,
triethanolamine was added to the dispersion. For further experiments, gels were filled in Al-tubes
and stored at room temperature. A variety of excipients and solvents were used to prepare gels for

phytophospholipid complexes and pure drugs, which are summarized in Table No. 3.

Table No. 3 The gels of the phytophospholipid complexes and pure drug were prepared by

using different excipients and solvents as mentioned in below:

Name of | Formulation of | Formulation of | Formulation of

Ingredients Drug Gel Complex Gel of 1:1 Complex Gel of 1:2

RA Gl |[RA G2 |[FEGI |[FE G2 |FH Gl |FH G2
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Carbopol® 934P 1% 1% 1% 1% 1% 1%
PEG 400 2.5% 2.5% 2.5% 2.5% 2.5% 2.5%
Pure Drug(RA)/ | 1% 2% 1% 2% 1% 2%
FE2/FH4

Triethanolamine qg.s. q.s. qg.s. q.s. q.s. qg.s.
Methyl Paraben 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%
Propyl Paraben 0.01% 0.01% 0.01% 0.01% 0.01% 0.01%
Ethanol 1% 1% 1% 1% 1% 1%
Distilled Water q.s q.s g.s. q.s q.s q.s

2.7. Evaluation of Phytophospholipid Complex loaded Gel Formulations

2.7.1. Aspects of physical appearance

There was a check on physical parameters such as color and appearance(15).

2.7.2. pH measurement

Prepared gel formulation pH was determined by using a digital pH meter. Disperse 1 gm of gel in

10 ml of distilled water and leave for 2 hours. In three separate measurements, the pH of

formulation was determined, and the average values were reported(15). The pH of the gel

formulation is shown in table no. 7.

2.7.3. Spreadability

Spreadability was determined by placing 0.5 g of gel within a circle of 1 cm diameter premarked

on a glass plate, over which another glass plate was placed. The upper glass plate was allowed to

rest for five minutes with a weight of 1000g. It was noted that the diameter increased due to the

gel spreading. With three samples of the gel, evaluations were conducted in triplicate(16).

2.7.4. Viscosity
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The viscosities were measured using a Brookfield (DV-III) viscometer. For it a spindle (number
74) was attached to the container after each gel was poured into it. At 25°C and 50-250 rpm,

viscosities were measured(17).

2.7.5. Uniformity
The uniformity of all gel formulations was checked by visual inspection after the gels were placed
into the containers. A test was performed to determine if they contained or appeared to contain

aggregates(18). Table 7 shows the uniformity of gel formulations.

2.7.6. TEM (Transmission electron microscope)

A transmission electron microscope (TEM) (Morgagni 268-D) was used at an accelerating voltage
of 100 kV to monitor the morphology of all phytophospholipid complex-loaded gel formulations.
Gel samples were dissolved in distilled water and a drop of the solution was placed on a carbon-
coated copper grid to form a thin film, and negatively stained using phosphotungstic acid 1% w/v.

After the grid was allowed to air dry, samples were viewed and photographed. (Figure No. 7).

2.7.7. Ex-vivo skin permeation tests
2.7.7.1.SKkin penetration study of different formulations by Confocal Laser Microscopy
[CLSM]

All the formulations were studied via confocal laser microscopy on goat skin in vitro to determine
their skin penetration effects. To evaluate the penetration ability of phospholipid complexes into
skin, goat skin was used since it shares anatomical and physiological similarities with human skin.
Rhodamine 123 was used to assess the skin penetration of all six formulations. Throughout the
study, homogeneous and non-occlusive applications of the test samples and probe containing
0.03% rhodamine were applied to the skin. We conducted the experiments using Franz diffusion
cells and phosphate buffer pH 5.5 solution in the receiver chamber. With phosphate bufter, the skin
was washed after 24 hours. A sharp blade was used to take a perpendicular rectangular piece from
the site of drug application after the skin was rapidly frozen by liquid nitrogen. The Tissue frozen

medium gel was used to fix this tissue on the sample holder (Gung,Leica, Germany).

The skin was sectioned with a cryo microtome (Leica, Germany) in perpendicular sections (dermis

to horny layer) of (250 m) thickness. Using a Leica DMIRE2 confocal laser scanning microscope
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(Germany) with a Leica TCS SP2 fluorescence microscope, the full skin thickness was optically

scanned at intervals of 15-30nm using the Z-axis.

2.7.7.2.Skin Retention Study

The skin retention study was conducted using abdominal goat skin to evaluate the retention of H.
isora ethanolic extract loaded phytophospholipid complexes(FE2) and H. isora hydroalcoholic
extract loaded phytophospholipid complexes(FH4). Fresh goat skin samples were cleaned, and
subcutaneous fat was removed before being stored in isotonic saline until use. A specified amount
of each formulation was applied evenly to the skin surface, with a control formulation used for
comparison. The samples were incubated at 32+1°C to mimic physiological conditions, and the
formulations were removed at predetermined intervals (1, 2, 4, 6, 8, 12, and 24 hours) using a
suitable solvent. The skin samples were then cut, homogenized in a solvent, and centrifuged to
extract the retained formulation. The extracts were analyzed using HPLC to quantify the amount

of drug retained in the skin, providing a retention profile over time.

2.7.7.3.Glutamate-induced paw licking and edema test

A concentration of 20 mol glutamate was injected in the sub-plantar area of the right hind paw of
mice pretreated with saline, pH 7.4. A vehicle, test sample, and diclofenac sodium were given to
mice 15 minutes before glutamate injection. An instrument called a vernier calliper was used to
measure the thickness of the right hind paws of mice before glutamate challenge. During the 15
minutes following glutamate challenge, licking was measured as an indicator of nociception. To
calculate edema in mm, the thickness of the right hind paw was measured again, and the formula

follows:
A = (paw thickness after treatment — paw thickness before treatment).

3. RESULT AND DISCUSSION

H. isora is a plant that has been traditionally used in Ayurvedic medicine for its anti-inflammatory,
antioxidant, and anti-diabetic properties. Recent studies have shown that H. isora contains
bioactive compounds such as flavonoids, alkaloids, and tannins, which have potential therapeutic
effects on various diseases. In light of these findings, there was a need to further investigate the
novel therapeutic potentials of H.isora and develop herbal formulations for clinical applications.

Through rigorous literature review, it was found that the fruits of H.isora is less studied as
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compared to its leaves part but have higher therapeutic potential. To begin the investigation, two
different solvent system were used for extraction (ethanolic and hydroalcholic) and followed by
preparation of phytophospholipid complexesof both extracts. First the powdered drug were
extracted with ethanol as well as with ethanol: water (60:40) for about 8-9 hours at 30°C and the
extracts were collected and dried using an evaporator at 30-35°C followed by collections of crude
residues was collected which were kept in a refrigerator at 5 °C in a well-closed glass containers.
The product yield for 100 gm of H.isora ethanolic and hydroalcholic extract were nfound to be
3.58gm+0.023 and 5.47 gm=0.51 respectively. The phyto-chemical screening revealed the
presence of alkaloid , glycosides, flavonoids, tannin, saponins and cardiac glycosides are present

in ethanolic extract while alkaloids were found to be absent in hydroalcholic extract.
3.1. Characterization of the Prepared Phytosomal Formulations:
3.1.1. Zeta Potential and Particle Size Analysis:

As the objective of the research was to enhance the drug delivery of H.isora extracts, the prepared
extracts were subjected to modified solvent evaporation method for development of extract loaded
phytosomal preparations. Phytophospholipid complexes complex of both the extracts of H.isora
in 1:1 molar ratio trial batches were prepared by using modified solvent evaporation techniques
and were subjected to various characterizations like particle size, zeta potential, drug entrapment
and % yield. In the case of H. isora phytophospholipid complexess, Dynamic Light Scattering
method was used to measure the average particle size and polydispersity index, which is a measure
of the distribution of particle sizes in a sample. These properties were measured using a Malvern
Zetasizer Nano-ZS (ZEN3600, Malvern Instrument Ltd., Malvern, UK) with a laser at 633 nm. To
acquire the optimal scattering intensity, the samples were diluted using 1 to 2 mL of ultrapure
water. The intensity of dispersed light at an angle of 173° using a conventional operating procedure
was measured. For each sample, the size average of the intensity distribution is provided as an
average of three runs (11). After estimating the size of the sample, the electrode Universal Dip Cell
(ZEN1002) was submerged in it, and the zeta potential of the sample was calculated using ELS in
the same measuring cuvette. The prepared formulations had a range of particle sizes from 125.6
nm to 250.39 nm. Zeta potential measurements indicated values ranging from -19.72mV to -29.05
mV (Figure 1 and Figure 2). The results of various characterization parameters are mentioned

below in the Table no. 4 and 5. In general, zeta potential value of + 30Mv is sufficient for stability
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any vesicular formulation. In the present research work the prepared formulations exhibited zeta
potential itis-19.72mV to -29.05 mV which means it complies with requirement of zeta potential
for stability. Similarly, Here particle sizes were measured in the terms of average particle size
diameter and the uniformity was described in the poly dispersity Index (PDI). poly dispersity Index
(PDI) was found to be 0.173. A PDI value of 0.1 - 0.3 indicates a fairly narrow size distribution
whereas a PDI value greater than 0.5 indicates a very broad distribution. Average particle size of

optimized formulations was found to be from 125.6 nm to 250.39 nm

Table No. 4. The qualitative results obtained from H.isora ethanolic extract loaded

Phytophospholipid complexes(FE)

Formulation % Particle Size Distribution Zeta. % Entrapment
code Yield size (nm) (PDI) Potential Efficiency
(mV)
FE1 87.10 176.43£1.28 0.2+0.6 -254+0.5 80.3£0.5
FE2 83.33 150.224+2.7 0.17+0.2 -284+0.6 91.3+0.2
FE3 75.09 227.14+2.65 0.15+0.1 -30+0.7 890.3£0.8
FE4 69.87 230.7+1.56 0.15+0.23 -26+0.2 91.0+0.2
FES 70.23 211.32+1.66 0.23+0.5 -29+0.5 71.1+0.2

Table No. 5. The qualitative results obtained from H.isora hydroalcoholic extract loaded
Phytophospholipid complexes(FH)

Formulation | % Particle . S.lze . Zeta. % Entrapment
code Yield size (nm) Distribution Potential Efficienc
(PDI) (mV) y
FH1 83.10 | 150.23+1.45 0.19+0.7 -25+0.5 72.7+0.5
FH2 77.13 | 233.43+£2.65 0.18+0.23 -28+0.6 77.5+0.8
FH3 77.89 | 278.1242.10 0.22+0.18 -32+0.7 79.2+0.17
FH4 71.98 | 157.44+1.98 0.19+0.5 -26+0.2 83.01 £ 0.7
FH5 68.41 | 325.39+2.08 0.21+0.6 -29+0.5 71.4 £0.52
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Figure No.1. Figures showing Particle size and Zeta Potential of H.isora ethanolic extract

loaded Phytophospholipid complexes(FE2)
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Figure No. 2. Figures showing Particle size and Zeta Potential of H.isora Hydroalcholic

extract loaded Phytophospholipid complexes(FH4)

3.2. Scanning Electron Microscopy (SEM):

A scanning electron microscope was used to study the morphology of the optimum phytosmes
loaded with both the extracts. The particles was found to be not overall sphere in shape which

was given in Figure No.3.
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Figure No. 3. Figures showing SEM Images of Optimized H.isora ethanolic extract-loaded
Phytophospholipid complexes(FE2) and H.isora Hydroalcholic extract loaded
Phytophospholipid complexes(FH4)

3.4. Fourier Transform Infrared spectroscopy (FTIR) Study

Using an FTIR microscope, FTIR spectra of phytosomal suspensions loaded with H. isora extract
were analyzed to determine the extract's interaction with phospholipids. The test samples' infrared
spectra were ascertained by applying the KBr disc method. FTIR measurements in this
investigation were conducted in the 400 cm-1 to 4000 cm-1 range. The Fourier Transform Infrared
Spectroscopic (FTIR) study was conducted on pure RA, PC, physical mixture (PM), FE2 and FH4
in the FTIR spectrophotometer (a Shimadzu Corporation product). The results of the FTIR analysis
showed that these peaks were also observed in the Physical mixture (PM) spectrum, indicating
limited interaction between the phenolic hydroxyl group in RA and the structure of soya
lecithin(Figure No. 4). Contrary to the peaks observed in FE2 and FH4, these respective peaks
disappeared in FE2, suggesting that complexation caused strong phenolic hydroxyl interactions
with soya lecithin. Hydrogen bonds are likely formed between the -OH groups in RA and the -O

groups in soya lecithin, leading to the changes.
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Figure No. 4 FTIR spectra of (A) RA, (B) PC, (C) Physical mixture (D) FE2 and (E) FH4

3.5.XRD Study

The structural properties of materials are examined using the X-ray powder diffraction technique.
Depending on their crystalline structure, powders and polycrystalline materials will scatter X-rays
in different ways. A substance can be recognized as such by its dispersed pattern(13). A sharp peak
was seen in the diffraction pattern of unformulated RA, showing a high degree of crystallinity.
Amorphous bands were evident in the phospholipids used in this study, indicating that they are not
crystalline Amorphous states were evident in the spectra of FE2 and FH4, as reflected by halo
bands similar to those of phospholipids. As a result of the amorphous profile, it can be concluded

that RA has been complexed to the phospholipid successfully (Figure No.5).
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Figure No. 5. XRD diffractogram of Rosmarinic acid (RA), Soyalecithin, Physical
mixture,FE1, and FH4

3.6. In vitro drug release profile

In vitro drug release profiles of H. isora ethanolic extract loaded phytophospholipid
complexes(FE1 to FES) and hydroalcoholic extract loaded phytophospholipid complexes(FH1 to
FHS5) was analyzed at 37°C in phosphate buffered saline (PBS). By dispersing phytophospholipid
complexesin PBS containing microcentrifuge tubes at physiological pH and acidic pH (5.6), the
study was performed at physiological pH and acidic pH (5.6). After 6 hours, both pH conditions
showed more or less the same drug release profile. The cumulative release in both pH conditions
was 90 percent of the initial drug loading. As can be seen in the figure 6, the initial release of the
drug at pH 5.6 was 35% in the first two hours. Later stages of the experiment were characterized

by a slower and approximately steady state (lag state) with sustained release kinetics.

VOLUME 23 : ISSUE 11 (Nov) - 2024 Page No0:1526



YMER || ISSN : 0044-0477 http://lymerdigital.com

120 -
100 A T
[J]
(7]
©
9 30 A
[J]
(3
8o —@—FH1
S
0 60 - === FH2
[J]
>
= FH3
o
S | FH4
g 40
S —=@=—FH5
20
0
0 0.5 1 2 3 4 5 6
Time In Hours
120
100
3
3
< 80
4
2 —@—FE1
S
a 60 =@ FE2
>
s FE3
2 40
S FE4
O
—@=—FE5
20
0

0 0.5 1 2 3 4 5 6
Time In Hours

Figure No. 6. The drug release profile results in Figures provide insights into the release
kinetics and sustained release potential of the phospholipid complex formulations of both
the extracts loaded formulations of Helicteres isora.
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3.7. Stability Study

Stability studies of optimized H. isora ethanolic extract loaded phytophospholipid
complexes(FE2) and H. isora hydroalcoholic extract loaded phytophospholipid complexes(FH4)
were conducted according to ICH guidelines (Q1AR2). The formulations were stored under
different conditions: room temperature, accelerated temperature (25+£2°C, 60+5% RH), and
(40+2°C, 75+5% RH) for 6 months. At specified intervals, samples were analyzed in triplicates for

average particle size, zeta potential, and entrapment efficiency to assess their stability(Table No6).

Table No.6. Stability studies of Optimized Phytosomal Formulations (FE2 & FH4)

Paramet | Initia 1 month 3 month 6 month

ers 1
Value | (40£2°C,7 | (25+£2°C, | (40£2°C,7 | (25+2°C, | (40+£2°C,7 | (25£2°C,

S 545 %RH) | 60£5%R | 5+5 %RH) | 60+5%R | 5+5 %RH) | 60+5%R

H) H) H)
(1)
mont
h)
Mean 198.8 195.4 + 196.6+ 196.4 + 197.9 + 200.2+ 199.2 +
Particle + 1.25 1.27 0.34 3.20 2.16 1.42
Size 2.03

(in nm)

% EE 75.89 | 74.67+£0.26 | 73.3394+2. | 72.89+£0.12 | 69.13+£0. | 67.01+£0.37 | 65.06+1.

+ 10 19 29
2.30
Paramet | Initial 1 month 3 month 6 month
ers Value

S (40£2°C,7 | (25£2°C, | (40+£2°C,7 | (25£2°C, | (40+2°C,7 | (25+2°C,
© 5+5 %RH) | 60+5%R | 5£5 %RH) | 60£5%R | 5+5 %RH) | 60+5%R

mont H) H) H)
h)
Mean 200.5 200.8 £ 200.34+ 2054 + 202.34 £ 208.2+ 204.7 £
Particle 7+ 1.05 1.14 0.81 2.50 3.11 1.39
2.53
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Size (in
nm)

% EE 75.48 | 73.41+0.15 | 73.23+1. | 71.89+0.12 | 71.13+0. | 71.01+0.24 | 69.06+0.
+3.2 10 11 19

4. Preparation and Characterization of Phytophospholipid Complex loaded Gel

Formulations

The required amount of methyl and propyl paraben were dissolved in 10 ml of distilled water in a
beaker to which Carbopol® 934P was dispersed and stirred continuously. The solution of RA/
FE2/FH4 was prepared in 0.1 ml of ethanol in another beaker and was added to the Carbopol
dispersion. PEG 400 was also added to the dispersion. Triethanolamine was added to the
dispersion to form gels. Prepared gels were filled in Al-tubes and stored at room temperature for

further studies.
4.1. Characterization of the Phytophospholipid Complex loaded Gel Formulations:

The Prepared Phytophospholipid Complex loaded Gel Formulations were evaluated for various

parameters like pH, Spreadability, viscosity, Uniformity and physical appearance.

pH: The Prepared gel formulation pH was determined by using a digital pH meter. 1 gm of gel
was dispersed in 10 ml of distilled water and left for 2 hours. In three separate measurements, the
pH of formulation was determined, and the average values were reported (15). The pH of the gel
formulations was found to be in the range of 6.2 to 5.9040.5, while that of blank gel was found to
be 7 As the measured pH complies with the skin pH which 6.5 to 6.8 the prepared formulation
would do not exhibit any irritation (Table No.7).

4.2 Spreadability

The therapeutic effect of the phytophospholipid Complex loaded Gel Formulations depends on the
spreading value. The spreadibility of FE2G2 gel was 6.6+2.6 cm and of FH4G2 was 6.8+2.3cm,
as compared to standard drug which was 6.2+1.9cm. Viscosity and Uniformity results are also

represented in the table and the gel formulations were found stable(Table No.7).
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Table No. 7. Evaluation of Phytophospholipid Complex loaded Gel Formulations

Formulation pH Spreadability | Viscosity | Uniformity Physical

Code Increase in (Cps) Appearance

Diameter
(cm)

RAG1 6.78+0.045 6.2+1.9 5180+10.4 Good Light Yellow,
Greasy,

Homogenous

RAG2 6.77+0.21 5.6£2. 11 5370+11.8 Good Light Yellow,
Greasy,

Homogenous

FE2G1 5.90+0.019 6.2+1.2 5690+ 15.6 Good Light Yellow,
Greasy,

Homogenous

FE2G2 6.2+0.016 6.6£2.6 5500+ 21.7 Good Light Yellow,
Greasy,

Homogenous

FH4G1 6.68+0.29 6.5+£2.02 5705+ 24.6 Good Light Yellow,
Greasy,

Homogenous

FH4G2 6.9+0.27 6.8+2.3 5803+22.4 Good Light Yellow,
Greasy,

Homogenous

Transmission electron microscopy (TEM) Study

Transmission electron microscopy (TEM) was used to characterize the morphology of FE2G1, FE
G2, FH4G1, and FH4G2 at an accelerating voltage of 100 kV (Figure 6). After diluting the lotion
sample with distilled water, a drop of the sample was applied to a copper grid covered with carbon
to create a thin layer, and a drop of 1% w/v phosphotungstic acid was added to negatively stain the

sample. After letting the grid air dry, the samples were examined and captured on camera.

VOLUME 23 : ISSUE 11 (Nov) - 2024 Page No0:1530



YMER || ISSN : 0044-0477 http://lymerdigital.com

TEM of FE2G1 TEM of FE2G2 TEM of FH4G1 TEM of FH4G2

Figure No. 3.7. TEM of Phytophospholipid Complex loaded Gel Formulations

Skin penetration study of different formulations by Confocal Laser Microscopy [CLSM]

The skin penetration impact of all the produced formulations of (FE2G1, FE G2, FH4G1, and
FH4G2) was investigated using goat skin in vitro utilizing confocal laser microscopy. Because
goat skin is anatomically and physiologically comparable to human skin, it was used to test the
skin-penetration capabilities of the novel formulations. Rhodamine 123 was used to measure the
skin penetration of each of the four formulations. In short, the skin was homogeneously and non-
occlusively treated with the test samples and the probe that contained 0.03% rhodamine. Franz
diffusion cells were used for the studies, and a phosphate buffer pH 5.5 solution was placed in the
receiver chamber. The skin was taken off and cleaned with phosphate buffer after a 24-hour period.
After quickly freezing the skin with liquid nitrogen, a rectangular piece of skin perpendicular to
the medication administration site was removed using a sharp blade. This tissue was adhered to
the sample holder using a tissue frozen medium gel. (Gung, Germany; Leica). With the use of a
cryomicrotome (Leica, Germany), pieces of skin that were perpendicular (dermis to horny layer)
and 250 um thick were cut. Probe penetration was examined after the treated region was taken off.
Through the Z-axis of a Leica DMIRE2 confocal laser scanning microscope (Germany) connected
to a Leica TCS SP2 fluorescent microscope, the whole thickness of the skin was optically scanned

at intervals of 15-30 nm. The CLSM images are displayed below.
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Figure No. 3.8. Skin penetration study of different formulations by Confocal Laser
Microscopy [CLSM]

Through the above studies, skin penetrating effect of the novel formulations were studied using
CLSM. The result showed that the phytophospholipid complexes embedded in to the gels have the
ability to penetrate deeper in to the dermal layer and exert theirs effect. The enhanced penetration
effect may be due to Phospholipids have a bilayer structure similar to the skin's natural lipid barrier.
This allows phytophospholipid complexes to integrate more easily into the stratum corneum (the
outermost layer of the skin), facilitating better penetration of the active ingredients. The similarity
between the phospholipids and the skin's own lipids helps the bioactive compounds move through
the skin layers more efficiently. Also, The lipid-loving properties of the phytophospholipid
complex make it easier for the bioactive ingredients to diffuse through the lipid layers of the skin.
In gel formulations, phytophospholipid complexes offered better retention and controlled release
of the active ingredients. The slow and sustained release from the gel improved the overall

penetration of the active compounds over time. This is proved particularly beneficial in H.isora

VOLUME 23 : ISSUE 11 (Nov) - 2024 Page No0:1532



YMER || ISSN : 0044-0477 http://lymerdigital.com

extract loaded topical treatments where prolonged exposure to the active ingredient was desired.
Moreover, the percent drug retention of the formulation after 24 hours was satisfactory in

comparison to the marketed formulation (Table No 3.8).

Table No. 3.8. Permeation Study of different phytophospholipid complex loaded gel
formulations across abdominal goat skin.

Formulation Jss (ug Jeh” /h) P (Ch/h) LT (hr) D’
(Ch’/h)
RAG1 5.30£1.02 0.250+1.42 2.7 6.3
RAG2 5.68+0.59 0.280+£1.2 2.4 6.7
FE2G1 5.44+1.34 0.280+1.64 2.0 7.2
FE2G2 6.65+0.46 0.238+1.56 1.6 8.6
FH4G1 6.23+ (.22 0. 198+ 1.65 1.43 8.49
FH4G2 6.89+ 0.46 0.24+ 1.46 1.55 8.79
Marketed Product | 5.57+0.63 0.220+1.59 2.0 7.7
(Capsaicin™
Herbal Gel)

Where, Jss=transdermal flux, P=Permeability coefficient, LT=lag time, D =Diffusion coefficient

3.1.1. Skin Retention Study

A skin retention study of different formulations was conducted to determine how much rosmarinic
acid was retained in the skin after 24 hours of diffusion. In this study, a higher percentage of drug
was retained by FH4G2 formulations than other formulations. The % retention was near about

similar for Marketed formulation, 0.720+30 and that of FE2G2 i.e. 0.78+ 0.45.
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Table No. 3.9. Percentage drug retention of different formulations in goat skin after 24 (h).

Formulation code % Drug Retention 13
RAGI1 0.43+1.23 g & ;
RAG2 0.46+1.49 § : : ‘
FE2G1 0.69+0.83 £l 8 I I I I
FE2G2 0.78+ 0.45 = g . ‘ : :
FHAGI 0.82+0.23 L RS A A A
FH4G2 0.54+0.19 % Drug Retention E: e

Marketed Product 0.720+30 o

(Capsaicin™ Herbal Gel)

3.1.2. Glutamate-induced paw licking and edema test:
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Figure No. 3.10 showing Glutamate-Induced Paw Licking and Edema Test. Data are
expressed as Mean £ SEM (n=6). Data were analysed by using one-way ANOVA followed by
Tukey’s multiple comparison test. "P<0.01 and “P<0.0001 vs Control; P<0.05 and %*P<0.0001 vs
HE; €P<0.05 and *“P<0.0001 vs ET; "P<0.05 vs FH4G2

The Glutamate-Induced Paw Licking and Edema Test is commonly used to evaluate the analgesic
and anti-inflammatory properties of substances, including herbal formulations, in animal models.
This test is based on the induction of nociceptive behavior (pain response) and inflammation by

injecting glutamate into the paw of rodents. Mice were injected with 20 pl of 20 p mol glutamate
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(prepared in saline, pH 7.4) in the sub-plantar area of the right hind paw. Mice received vehicle,
test samples and diclofenac sodium 15 min before glutamate injection respectively. The right hind
paw thickness of mice was measured before glutamate challenge using vernier calliper. The licking
was measured for 15 min after the glutamate challenge and accounted as indicative of nociception.
The glutamate administration to mice significantly increased in the paw licking time (58.88 +4.9
s) in mice, and mice treated with extract HE and ET produced significant fall in paw licking time
(41.01 £+ 3.15s and 37.24 + 4.3s, P<0.01 respectively). The formulation, FE2G2 and FH4G2
produced higher reduction paw licking duration (15.12 + 2.19s and 24.02 + 3.02s, respectively,
P<0.001), while FE2G2 showed equal significance in decreasing the paw licking time as reduced

by the administration of tramadol (7.16 £1.25s).
CONCLUSION

The development of an effective herbal formulation using advanced techniques was successful in
demonstrating the novel therapeutic properties of Helicteres isora. In this study, ethanolic and
hydroalcoholic extracts from H. isora have been successfully extracted, characterized, and
incorporated into phytophospholipid complexes in order to enhance their bioavailability and
therapeutic effectiveness. The preparation of phytophospholipid complexes by modified solvent
evaporation was stable and efficient. Based on characterization of the phytophospholipid
complexes, it was revealed that they had favorable physical properties, such as appropriate particle
size and zeta potential. It is crucial to have these properties for effective drug delivery and stability.
The study also demonstrated the successful preparation and evaluation of herbal extract-loaded
phytophospholipid complexes gels. Suitable for topical application, the gels displayed desirable
physical properties, pH, spreadability, viscosity, and uniformity. These studies showed that
phytosomal formulations proved to be more permeable and retained in the skin, indicating their
effectiveness as transdermal delivery agents. Additionally, studies demonstrating glutamate-
induced paw licking demonstrated beneficial effects of H. isora phytosomal gels. Gel formulations
further enhanced the skin penetration of phytophospholipid complexes of H.isora extracts. As
compared with the standard drug, the formulations were equally or more effective when it came
to reducing inflammation. The complexation of phytoconstituents with phospholipids improved
their stability against environmental factors (e.g., oxidation or degradation), which is crucial for
maintaining the efficacy of the bioactive compounds throughout the shelf life of the formulation.

VOLUME 23 : ISSUE 11 (Nov) - 2024 Page No0:1535



YMER || ISSN : 0044-0477 http://lymerdigital.com

It appears that Helicteres isora has substantial therapeutic benefits, as well as the potential for
developing novel herbal formulations with enhanced bioavailability and efficacy. As a result of
the findings, further research and potential clinical applications are possible for H. isora in the

treatment of inflammatory conditions.
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